and Zimmet P Z. High mortality from cardiovascular disease and analysis of risk factors in Indian and Melanesian Fijians. International Journal of Epidemiology 1996; 25: 59-69. Background. In recent years, developing populations such as the Pacific island nation of Fiji, have seen decreases in infectious diseases and increasing frequency of cardiovascular diseases (CVD), diabetes and cancer. However, cohort studies of mortality in these populations are scarce. Here we report 11-year all-cause and cause-specific mortality rates and risk factors for total, CVD and coronary heart disease (CHD) for indigenous Melanesian and Asian Indian people of Fiji. Methods. Following a baseline risk factor survey in 1980, mortality surveillance continued until 1991 In a representative cohort of 1325 Melanesians and 1221 Indians from urban and rural areas of Fiji. Date and cause of death were recorded and total, CVD and CHD mortality rates calculated. Baseline predictors of mortality were assessed using Cox regression.
Changes in disease patterns in developing countries have been well documented, showing a decline in incidence of infectious diseases, acute respiratory diseases and malnutrition, and a corresponding rise in the occurrence of non-communicable diseases such as diabetes, cardiovascular disease (CVD) and cancer. 1 " 3 This 'epidemiological transition' has followed rapid social, cultural and economic change, where traditional societies have undergone modernization and urbanization, accompanied by increased life expectancy and decreased infant mortality. 4 The Pacific island nation of Fiji, independent since 1970, is undergoing transition of this kind. A study of routinely collected mortality statistics found that 32% of all deaths in Fijians aged >5 years in 1979 were due * International Diabetes Institute, 260 Kooyong Rd, Caulfleld South, 3162, Victoria, Australia. ' National Diabetes Centre, Suva, Fiji.
to CVD, compared to 15-18% in 1960-1961. 5 Moreover, a diabetes and CVD survey in 1980 documented a relatively high prevalence of diabetes 6 and CVD risk factors, 7 particularly in urban areas and in Fijian Indians, relative to the indigenous Melanesian population. Mortality data were systematically collected on the 1980 Fijian survey cohort until the study concluded in 1991. To date, only 4-year mortality data for the urban cohort have been published, which documented excess mortality amongst diabetic subjects. 8 Asian Indians are known to be at high risk of CHD. 9 However, except for a study comparing mortality rates between ethnic groups (including Indians) in the West Indies, 10 to our knowledge there have been no systematic cohort studies reported of cardiovascular risk factors and mortality in Indians. Similarly, information on predictors of mortality in rapidly developing Pacific populations is limited. Here we present 11-year total and cardiovascular mortality data for both the urban and rural cohorts, describing the major causes of death and associated risk factors in Indian and Melanesian Fijians.
SUBJECTS AND METHODS
Fiji is the second largest Pacific island nation. It consists of over 350 islands, but 95% of the population reside on the two main islands of Viti Levu (85%) and Vanua Levu (10%). In 1991 the total population was 744 000, of whom 49% were of Asian Indian ethnicity and 46% Melanesian. Indian people first came to Fiji as indentured labourers in the late 1800s but by 1970 over 90% of the Indian population had been born in Fiji.
The baseline data for the mortality study came from a population-based survey of diabetes and other noncommunicable diseases performed on the main island, Viti Levu, in 1980. Details of survey methodology and response rates have been published elsewhere, 6 but will be outlined here. The urban sample consisted of four mainly Melanesian villages, and part of one predominantly Indian settlement in the area of Suva, the capital. Residents here were involved in the cash economy with virtually no agricultural activity. The rural sample was drawn from the Sigatoka Valley where Indian and Melanesian people live in close proximity. Melanesians were mainly subsistence farmers, while Indians took part in both subsistence agriculture and cash cropping. All individuals aged 3=20 years who resided in the selected areas were eligible to attend the baseline survey: response rates were 87.5% in Melanesians and 89.6% in Indians. The total number of survey attenders was 2638.
Survey Procedure
As described previously, 6 ' 11 oral glucose tolerance tests (75 g dextrose monohydrate) were administered to all subjects, and fasting and 2-hour blood samples collected. Details of cigarette and alcohol consumption and habitual physical activity levels were collected via questionnaire. Height, weight and triceps skinfold thickness (Harpenden skinfold calipers) were measured, and systolic and diastolic (phase 5) blood pressures were recorded in duplicate by trained observers using random zero sphygmomanometers. Resting I2-lead electrocardiograms (ECG) were performed on subjects 30-69 years old. The ECG were then coded in Melbourne according to the Minnesota code 12 by two independent observers, with adjudication by a third observer where a discrepancy occurred. Coded ECG were classified for ischaemic abnormalities according to standard criteria. 11 ' 12 Major and minor Q and QS items, ST/T items or left bundle branch block (codes 1.1-1.3, 4.1-4.4, 5.1-5.3 and 7.1) were considered suggestive of coronary heart disease (CHD).
Blood samples were centrifuged and separated promptly and 2-hour plasma glucose concentration was measured on-site using a YSI model 23AM glucose analyser (Yellow Springs Instrument Co., Yellow Springs, Ohio). All blood samples were frozen and transported to Melbourne where fasting plasma glucose, cholesterol and triglyceride concentrations were measured at the Royal Melbourne Hospital on a SMAC 20 auto-analyser (Technicon Instrument Corp., Tarrytown, NY).
Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m). For the present study alcohol consumption was coded as 'regular' versus 'none or occasional' consumption and the smoking variable was coded as 'current' versus 'never or ex' smoking. Physical activity was originally recorded as a four-level variable 13 which was collapsed into two levels for this study-inactive (levels 1 + 2) and active (levels 3 + 4).
Abnormal glucose tolerance status was classified according to WHO criteria modified for epidemiological studies. 6 ' 14 Diabetes was diagnosed on the basis of a 2-hour plasma glucose concentration 3= 11.1 mmol/1 and/or a history of diabetes and current treatment with hypoglycaemic agents. Impaired glucose tolerance was defined by a 2-hour glucose level 3=7.8 mmol/1 and <11.1 mmol/1.
The means of duplicate blood pressure readings were used to classify hypertension according to the recommendations of WHO." A systolic blood pressure 3=160 mmHg and/or a diastolic blood pressure 3-95 mmHg and/or treatment with antihypertensive agents were indicative of hypertension.
Mortality Surveillance
From 1980 until 31 August 1991 (the final date of the study) a Fijian nurse (SC) who was familiar with both the Melanesian and Indian study populations, was responsible for surveillance. Initially only the urban cohort was followed, but after 1985 the rural cohort was also included in the prospective study, and mortality data for 1980-1985 were collected.
Surveillance activities involved review of attendance lists at the main hospitals in Suva and Sigatoka, and of records of the health centres and general practices serving the survey areas. Death certificates were collected at the hospitals in Suva and Sigatoka, and Ministry of Health (MOH) death records, post-mortem reports, dead-on-arrival registers and police burial orders were checked periodically throughout the surveillance period.
In 1991 a final interview was undertaken for all members of the cohort. Attempts were made to interview subjects personally but in cases where this was not possible relatives, neighbours and wherever possible written records were consulted to obtain information concerning mortal status and if applicable, details of death (date, cause, place, doctor). In a small proportion of cases where subjects had died overseas or on outer islands no records could be obtained. Of the 2638 subjects surveyed in 1980, there were 92 for whom mortal status could not be ascertained by 31 August 1991, the final date of the study.
Causes of death were coded using the best source of information available, according to three-digit codes of the Ninth Revision of the International Classification of Diseases (ICD). 16 Causes were then classified into broad categories for analysis: (1) For the current analyses, a death certificate listing CHD or cerebrovascular disease in conjunction with diabetes was coded as coronary or cerebrovascular disease. However, for other conditions for which diabetes was mentioned normal 'underlying cause' rules applied. 16 In Fiji death certificates are completed by Medical Officers. The validity of death certificate information was investigated by searching for clinical records of a subsample of subjects for whom cause of death was coded as CHD (ICD 410-414), stroke (ICD 436) or 'other CVD'. In the urban area hospital records were sought for 42% CHD, 43% stroke and 13% other CVD cases. At least some clinical information was available for 36 of the 38 subjects for whom it was sought, and this related to the terminal illness in 23 subjects. Among these subjects death certificates coded to CHD and stroke were validated to a level of at least 'probable' on the basis of typical history, examination findings and investigations including ECG and cardiac enzymes. Moreover, in eight of the 13 cases for whom information concerning the terminal illness was not available there was supportive evidence of a prior history of CHD or cerebrovascular disease. In the rural area record storage systems precluded tracing of clinical notes. However the training of urban and rural doctors was similar, and it seems unlikely that the causes of death in rural areas would be less valid.
Statistical Analyses
Person-year (PY) mortality rates have been calculated using survival time from the last day of the baseline survey, 12 April 1980, until the date of death, or for subjects still alive, 31 August 1991. Crude mortality rates only are presented, as age distributions were similar in the groups being compared. The 95% confidence intervals (CI) were calculated on a Poisson assumption. Two subjects had an unknown date of death and were excluded from all analyses involving survival time. Prevalence estimates have been standardized for age by the direct method 17 to the 1980 Fiji survey population using baseline 10-year age groups. The variance (and standard error) of the differences between agestandardized proportions were calculated as described by Armitage and Berry 17 and the significance of the differences assessed by calculating the difference/ standard error, which approximates a standard normal deviate. Means have been adjusted for age by analysis of covariance. Glucose and triglyceride concentrations were log l0 -transformed due to the skewness of the distributions, and geometric means are presented in the Tables.
To assess the independent effects of baseline risk factors associated with total and cardiovascular mortality, Cox proportional hazards regression analyses were performed, using BMDP statistical software.
18 Separate models were computed depending on sex and ethnicity. The independent variables entered into the Cox regressions were baseline age, 2-hour plasma glucose, body mass index, systolic blood pressure and total cholesterol (all continuous), and the two-level categorical variables, smoking (yes versus no), physical activity (high versus low) and survey area (rural versus urban). In the assessment of CVD and CHD mortality subjects who died of other causes were censored at the time of death. Relative risks (RR) of mortality and associated 95% CI were calculated from the regression coefficients and are presented in the Tables.
RESULTS
During the 11-year follow-up period, 204 out of 1620 urban subjects and 100 out of 926 rural subjects died. The sources of information used for the final coding of deaths in the urban cohort were as follows: 5% postmortem reports, 58% death certificates, 12% hospital records, 8% Ministry of Health (MOH) records, 4% GP records, 1% police burial orders and 12% interview of relatives. In the rural cohort: 3% post-mortem reports, 74% death certificates, 14% MOH records, 4% hospital records, 1% police burial orders and 4% interview of relatives.
Total and cause-specific mortality rates are presented in Table I according to sex and ethnic group or survey area (rural/urban), and cause-specific mortality as a proportion of total mortality is depicted in Figure 1 . Mortality rates were higher for men than women in each survey area and ethnic group. Mortality was higher amongst urban than rural men but was similar for women in each area. Mortality rates were slightly higher in Melanesians than Indians, particularly in women. Coronary heart disease was the most common cause of death amongst urban subjects but in the rural area it was much less frequent, although all cardiovascular diseases (CHD, cerebrovascular disease and other CVD) were responsible for about half the deaths in the rural area. Indian men had higher rates and proportional mortality due to CHD than Melanesian men (about 29% of all deaths in Indians compared to 20% in Melanesians), but other CVD deaths (including cerebrovascular) were more common in Melanesian men in both absolute and proportional terms. In contrast, diabetes was recorded as the cause of death more commonly in Indians (11%) than Melanesians (2%) ( Table 1 and Figure 1 ). In women, death due to CHD was less common than in men although in the urban area it was responsible for 25% of all deaths ( Figure 1A ). Coronary heart disease was rare amongst rural women, but cerebrovascular disease and other CVD deaths were relatively frequent. Proportional CHD mortality was higher in Indian than Melanesian women but absolute rates were similar. However, rates and proportional mortality due to strokes and other CVD were higher in Melanesian women. Neoplasms were a more common cause of death in Melanesian than Indian women, and to a lesser extent Melanesian men.
Age-adjusted means and proportions of baseline risk factors are presented according to mortal status in 1991 for Melanesian and Indian men (Table 2 ) and women (Table 3) . Men who died had significantly higher mean baseline fasting and 2-hour plasma glucose and systolic blood pressure in both ethnic groups. Mean diastolic blood pressure also showed this pattern in Melanesian but not Indian men. There was an inverse association of BMI with death but this was significant only in Melanesians. Total cholesterol and triglyceride concentrations were not associated with mortality.
Smoking was higher in surviving Melanesian men, but the opposite was true for Indians (not significant). Regular drinking was significantly related to mortality in Indian men. Prevalence of inactivity, hypertension and diabetes were all non-significantly elevated in Melanesian male decedents, while for Indian men diabetes was strongly associated with death. Ischaemic ECG abnormalities were also associated with mortality, particularly in Melanesians (Table 2) .
For women mean baseline fasting and 2-hour plasma glucose, and systolic blood pressure were higher in subjects who died, but the differences were not significant for fasting glucose and systolic blood pressure in Melanesians. However, diastolic blood pressure was associated in Melanesian women. Mean BMI and triceps skinfold were negatively associated with mortality (both ethnic groups), as were total cholesterol and fasting triglycerides in Melanesians. Prevalence of hypertension and diabetes were nonsignificantly elevated in decedents in both ethnic groups, and an ischaemic ECG was also associated with mortality, but was significant only in Indian women (Table 3) . 1 Means adjusted for age using analysis of covariance (ANCOVA). Proportions standardized for age using the direct method, to the 1980 Fiji survey population. * P < 0.05, " P < 0.01, •*• P < 0.001 as assessed by the F-test from ANCOVA for means, and as described in Methods for proportions. Table 4 for men and Table 5 for women. All variables were forced into the models. In Melanesian men age and systolic blood pressure had significantly elevated relative risk estimates for allcause mortality, and increasing BMI conferred a reduced risk of death. Predictors of all CVD mortality and CHD mortality alone, however, included total cholesterol in addition to age and systolic blood pressure. In Indian men age, 2-hour plasma glucose and systolic blood pressure were significantly related to both total and CVD mortality. For CHD mortality alone, however, the relative risk associated with 2-hour glucose was not significant and increasing BMI conferred a significantly elevated risk (Table 4 ).
Results of Cox proportional hazards regression analyses are presented in
In women (Table 5) baseline age, 2-hour glucose and to a lesser extent systolic blood pressure were consistent independent predictors of total, CVD and CHD mortality in both Indians and Melanesians. In addition, total cholesterol had significant inverse associations with total and all CVD mortality in Melanesians, cigarette smoking was a strong predictor (fourfold) of all-cause and CVD deaths in Indians, and BMI was a significant independent predictor of CHD in Indians. After accounting for all other factors, rural residence was associated with a significantly reduced risk of death in Indian but not Melanesian women.
Cox regressions were repeated (data not shown) including ischaemic ECG abnormalities as a covariate (due to small numbers Cox models for CHD mortality alone were not done). After accounting for other variables, an ECG with ischaemic changes was not significantly related to total or CVD mortality in either Melanesian (total RR = 1.59, 95% CI : 0.77-3.31; CVD RR = 1.24, 95% CI : 0.45-3.49) or Indian (total RR = 1.32, 95% CI : 0.64-2.75; CVD RR = 1.35, 95% CI : 0.53-3.42) women, or Indian men (total RR = 1.37, 95% CI : 0.79-2.39; CVD RR = 1.68, 95% CI : 0.80-3.51). However, risks were independently elevated in Melanesian men (total RR = 2.41, 95% CI : 1.40-4.16; CVD RR = 3.58, 95% CI : 1.81-7.07).
Separate Cox regression models were computed in which ethnic group was included as a covariate (data not shown). After accounting for the effects of all other covariates, in men Indian ethnicity was associated with a significantly reduced relative risk of both total (RR = 0.53, 95% CI : 0.37-0.76) and CVD (RR = 0.49, 95% CI: 0.30-0.82) mortality. In women, Indian ethnicity had significantly reduced risk for total (RR = 0.64, 95% CI : 0.42-0.98), but not CVD (RR = 0.58, 
DISCUSSION
Changing disease patterns in developing populations are reflected by trends in mortality. 2 ' '* Control of infectious diseases and increased life expectancy are generally associated with an increase in mortality from CVD, and a higher risk of death in men. Pacific island countries are at varying stages of this epidemiological transition: local health records have shown proportional mortality from CVD to range from 8% in Micronesians of Kiribati to 35% in Polynesian Western Samoans. 2 Previous studies of mortality in Pacific island populations, including Fiji, have relied on routinely collected sources of data, which are almost invariably subject to underascertainment, inaccuracy, and incompleteness.
2 -3 The present cohort study has nearly complete ascertainment of vital status, and allocation of cause-of-death should be substantially more accurate and complete because of the use of multiple sources of data and validity checks.
These 11-year mortality data indicate that Fiji is well into the 'epidemiological transition'. Total mortality rates were clearly higher in men than women, especially in the urban communities where rates were around twofold higher in men. Furthermore, cause-specific data show a high proportional mortality due to CVD in both rural and urban survey areas, both men and women, and both Indians and Melanesians. Mortality due to CHD alone, however, was higher in men than risks (RR)for total, cardiovascular (CVD) and coronary heart disease (CHD) women, partly explaining the overall sex differential, and was much higher in urban than rural areas. This confirms an earlier finding from routinely collected data, of relatively high proportional mortality from CVD-25% in Melanesians and 33% in Indians. 2 Deaths due to CVD in Fiji are now equivalent to or even higher than in industrialized countries. For example, the crude 15-year cumulative CVD mortality rate for 40-64 year old English male civil servants in the Whitehall study 19 was 9.0%. Urban Melanesian men (40-64 years old at baseline) in Fiji had a crude 11-year cumulative CVD mortality rate of 14.8% and Indian men 18.4%. Moreover, cumulative CHD mortality in Whitehall men was 6.7%, similar to urban Melanesian men (6.0%) and considerably lower than for urban Indian men (12.8%). Considering the shorter follow-up period, cardiovascular and CHD mortality were considerably higher in Fijian Melanesians and Indians than in English men.
After adjustment for conventional risk factors, the risk of both total and CVD mortality was lower in Indians than Melanesians, and the risk of CHD mortality was similar between ethnic groups. Other evidence suggests that CHD is particularly prevalent amongst Asian Indian people living in various parts of the world, and the increased risk compared to other ethnic groups is not fully explained by differences in conventional risk factors. 9 ' 10 An earlier analysis of 4-year mortality data in Fiji found higher proportional mortality and mortality rates for CVD and CHD in Indians, 3 and here the cumulative mortality for urban Indian men aged 40-64 years (cited above) was higher than for Melanesian men. However, overall the present data do not support the hypothesis that Indian Fijians are more susceptible to CHD and CVD than Fijian Melanesians.
Risk Factors
In contrast to most other mortality risk factor studies which have been performed in developed and mainly Caucasian populations, this study examined possible risk factors for total and CVD mortality in representative samples of adult Melanesian and Indian Fijians. Age and systolic blood pressure were consistently and significantly associated with total mortality in men and women of each ethnic group, with CVD and CHD mortality in men, and with CHD mortality in Melanesian women, in accordance with other findings. Two-hour plasma glucose was significantly associated with total and CVD mortality in all four ethnic-sex sub-groups, except that in Melanesian men the association was not independent of other covariates. Twohour glucose levels were also associated with CHD mortality in women. Although many studies have shown diabetes status to be independently associated with both all-cause and CVD mortality, 192223 -26 the association of plasma glucose level with mortality in general population studies is inconclusive. 27 A recent study found the mean of two one-hour plasma glucose measurements (taken 1-2 years apart) to be associated with 19-year total, CVD and CHD mortality in a group of non-diabetic men 28 but this was not the case when only the second glucose measurement was used in analyses. Another study of non-diabetic subjects found a linear relationship between fasting glucose level and 14-year CHD mortality in men in Rancho Bernardo, while there was a threshold effect in women. 29 The finding of an independent association between plasma glucose levels and mortality in this study probably reflects the higher prevalence of diabetes in this population. 6 Baseline BMI was inversely associated with total mortality in univariate analyses but after accounting for other risk factors this relationship was only maintained in Melanesian men and Indian women. Furthermore, BMI was not independently associated with CVD mortality in Fiji. Results of other studies of the relationship between mortality and obesity are inconsistent. 21 ' 30 " 32 Factors such as prevalent disease at baseline (contributing to loss of weight), insufficient follow-up time, ethnic differences, 32 and over-controlling for metabolic intermediaries are possible reasons why associations between BMI and mortality are not easily identified. Notably this study did not have a measure of central adiposity which has been shown to be associated with CVD mortality. 20 Findings for other 'traditional' risk factors such as total cholesterol concentration and smoking were mixed in this study. In men, cholesterol was positively associated with total, CVD and CHD mortality, but was independent of other factors only for CVD and CHD mortality in Melanesians. In Melanesian women, however, cholesterol was inversely associated with both total and CVD mortality. Elevated total cholesterol is considered fairly conclusively to be a risk factor for cardiovascular disease.
25l33t34 However, some studies have shown no association, or a U-shaped relationship between cholesterol and total mortality. 22 ' 2535 The significant inverse relationship between cholesterol and mortality in Melanesian women is not easily explained, but the fact that mortality rates were higher in rural Melanesian women, who had lower cholesterol levels compared to urban women, suggests confounding, even though ruralurban status was controlled in multivariate models.
Fiji Indian women were the only group to show a significant independent relationship between cigarette smoking and mortality. However, relative risks were positive (but non-significant) for men. It is unlikely that these results suggest smoking is not important with respect to mortality in Fiji. Similarly, an ischaemic ECG at baseline was a significantly independent predictor of CVD and total mortality in Melanesian men only. The lack of statistical significance in the other groups, particularly women, may be due to the imprecision of the ECG alone as an indicator of CHD.
36
Similarities in the estimated effects of baseline variables on CVD deaths with those for total mortality reflect the high proportion of CVD deaths in Fiji. We cannot discount the possibility that the number of deaths attributed to CVD may be an overestimate. We have relied on death certification and/or medical records, wherever possible, but sudden deaths of unknown origin may have been assumed to be due to CHD or stroke, whereas in fact they had some other origin. Reassuringly, cross-checks of medical records for subjects in whom these were available did not reveal obvious errors or bias in death certification.
The results of this study indicate that changing disease patterns concomitant with modernizing lifestyles are now reflected clearly in mortality rates and risk factors in indigenous Melanesian and Asian Indian Fijians. That CHD and CVD mortality rates have already reached levels observed in industrialized countries is of great concern. The major risk factors for mortality identified in this study-raised blood pressure, high plasma glucose levels and, less consistently, smoking and high cholesterol-are also similar to those identified in developed populations. These results suggest the legitimacy of primordial and primary prevention programmes which target 'traditional* cardiovascular risk factors in this and other developing populations. 37 
